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and increase in the coefficient of friction obviously are ineffective.   Eq. 3,
therefore, should be rewritten for earth foundations thus:

tan^l                      [3a]

where S/ is the factor of safety desired.

For masonry dams on gravel, sand, and clay, approximate values of / are
0.50, 0.40, and 0.30, respectively, but tests on the material should be made.
In conservative designs the dam is usually anchored to deep cutoff walls or
piles, as indicated in Chapter 3, or a factor of safety of three or more is adopted.
The weight of the apron, which is an adjunct of every spillway dam on earth,
will assist materially in reducing the tendency to slide.

(6) Combined shear and friction. The factor of safety introduced by the
neglect of shear under Rule 2a is unknown and variable. Total horizontal and
vertical forces vary (at least approximately) as the square of the height of the
dam, while shear resistance varies as the first power of the height.1 Conse-
quently, relative safety decreases with increasing height. With increasing
heights of structures and improvements in construction operations, there is a
present tendency to include a definite allowance for shear. This subject was
discussed in considerable detail by Henny in 1933.2

In considering horizontal joints, the force required to slide the dam, with-
out shear, is added to the force required to shear it, without frictional resist-
ance, and this sum is divided by the total horizontal load to get a factor of
safety which must not be lower than a specified minimum. This leads to

RULE 06, RESISTANCE TO SLIDING, SHEAR INCLUDED:

The total frictional resistance to sliding on any joint, plus the ultimate shearing

strength of the joint, must exceed the total horizontal force above the joint for all

conditions of loading, by a safe margin.

This relationship may be stated algebraically thus:

where sa is the unit shearing strength of the material, $s_/ is the shear-friction
factor of safety, A is the area of the joint, r is ratio of the average to the
maximum shearing stress on the joint, and other symbols are as defined under
Eqs. 1, 2, and 3. The friction factor is that for well-dressed specimens. The
value of r may be determined from the principles explained in Chapter 12,
but for practical purposes, with the relatively large factors of safety herein-
after recommended, a value of 0.5 may be assumed.

Shear strength may be determined by test if published data for the material
involved are not available.   It is necessary to know the shear strength of

1 See discussion by CREAGER, Trans. Am. Soc. Civil Engrs., Vol. 99, 1934, p. 1066.

2 D. C. HENNY, "Stability of Straight Concrete Gravity Dams," Trans. Am. Soc. Civil
Engrs., Vol. 99, 1934, p. 1041.